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(57) This invention provides novel cationic lipids, 
particularly guanidino lipids, and methods for their prep- 
aration Also provided are polyanionic-lipid complexes 
comprising the lipids of the invention, their preparation 
and use to deliver biologically active substances, partic- 
ularly nucleic acids to cells. 
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OSSfi* molecularweight, polyanionic molec ^^^ exTmple, U.S. Patent No. 5,264,618. wh.ch 
STan^ection of cells either in vivo . ex v,voor ^^ceuticd compositions in d,n,ca. se^ 

*S£w-** have recently been disclos* *>r ^S.^ 
4 9^5.049.386; 5,366.737; 5.545.412 to ^^^SSSaWOi WO 96/1 841 ; and WO 96/18372 and 
d'Sg Db-chol); 5.334.761; PCT ^f^^S^^^ **** ^KSSS 
Feloner ef a/.. IvMsafeill-EnaB^^ 5. 67-75 0»J b J™JJ» desirable to develop additional lipid earners which 
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R1 and R 2 . which may be the same or ^^^^f^S replaced by a group Y (prided 
A is a hydrocarbylene group wherem one or ™*™^£Z y is independently in the direction shown. -0-. 
fhTt no-Sof the Y groups are adjacent * ■ ^^J^iJ^. -OC(0)NR 5 -, -S(0)„- (where n .s 0 

Irom -To. and U R 5 is independently H or lower aW 0f djfferent t0 tne ^ ^ 
Xis^atnhydroca^^ haloalkyi . Oj*£ 

(21 -NH-C(=NR 3 )NHR4. wherein R 3 and R 4 are y „. or di .substituted ammoalkyl. N-pro- 

SdZaTkyl. aLyaW. haloaltoxyalkyl. f^^'^K^Sw Re and R 7 are Wependentty H or 
^anSoalM. acyl. *»^^^ 
iwrirocarbvr). a nitrogen protecting group, or H, am "4 

optionally substituted monocyclic ^ r J )icy ?^ —^nBandX is-NH-C("NH)NHa. A is nol a butylene chain; 

*^ ^ asp* * a* S^SCaS'SSffl 

MM amnoalW. hydnwalkyl or Oprolaetad **>™°***£^^ b, protactad. preferably by a earthly- 

ing N-oxides. . DOlyanion . lip id complexes comprising the cationic lipids of Formula I, 
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^^?l?3ATX.unUo«ai»ina (F„. 3B| ""JT^ „ human b-«Khial «*Mtf =* 

^ST fal'sWas t» *=• <* "J* 5 ^SlS^eS** c* in aarum in ""»*•• 0* 

istered by airway installation into rats. 
DEFINITIONS AND GENERAL PARAMETERS 

a Definitions . + _ 

atoms to «H* W*ogen awns » earbocyelic tings and hWrnM- 

SSS, .ows «l*n nav. a rrixluce of saturated •^T^^Mm « eotrUnations Mat 

W ■^a.SnZ^^^»«^••^^^ d ^ b-M • Aa,ai9WaiPh ** k,B ' , "' 
ited to unbranched carbon chain radicals. ^ jca , having tne numb er of carbon atones 

AIM refers to a fully saturated branched or unbranched "JJ"™^ , M f1 to 8 ca[DO n atoms refers to rad- 
« specS. o i to 26 Jrbon atoms if no specif ication J^J^^S radicals wrich are positional isomers 
* ST** as methyl, ethyl, propyl, butyl. JjJ - J-J-^S methyl, ethyl, n-propyl. propyl. ntatf . 

o, these radicals. Lower alkyl •*^^J , 1 1 * ^S2?iiSl^tal« h««l. heptyl. octyl. nonyl. dec^^. 

speS o up to 26 carbon atoms if no ™^J£E£2^ hSyl. hTptenyl. octenyl. nonenyl. dece- 
Std^d^^ 

- *— « 

^^hyd^^ 
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The term "lower alkoxy" refers to the group -O-R' where R' is lower a "^' - 2 to 10 

The term "methylene" refers to the group -CH 2 -. 

The term "butylene" refers to the group -(CH 2 ) 4 - 

The term "alkylene" refers to a divalent saturated aliphatc radical. 

The term "carbonyl" refers to the group -C(0)-. 

group is di-lower-alkylcarbamoyl. 4lM/w „ IIrt whr where R is hydrocarbyl or acyl. 

S term "SerSkyO-hydroxyfrnethy." refers to the group -CH(OHH.ower^.). 

RepSStve examples are benzyl, phenethyl, 3-phenyipropyl. or the like. 
Monocyclic rings generally have from 3 to 8 ring atoms. 
Rirvclic rinas qenerally have from 7 to 1 4 ring atoms. 

^te^SngS^ 

masks, reduces or prevents that reac " v ^^^J 11 ^!^.?! ^^^j^jgon ^c^^a^rison ef a/., QojBEendiujTi^LSyiltilsSS 
^ rr i„ n^ni. Chemistry. (Wiley 2nd ed W^**™^^ 

o r n^ Me thc<ls.VolsT87(John Wiley art Sons. ^I-W- j HJJ* J e ^ p , ^ ^ or 

SStro^ower al^l groups wrth 2 to 

substituted trityl groups, such as the J™ 0 "*^ carbamate (t-BOC). 1-adamantylcar- 

4,4'-dimethoxytriphenylmethyl. the (NVOC), the phth- 

bamate, benzyl carbamate (Cbz). is either acylated or 

allyl ethers molecule or mixture or complex of molecules that exerts a biological 

;*3E=£53££E3SS=== 
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■ ^ ^ ovrfnaikvl alkenvl alkynyl, aryl, haloalkyl, hydroxy, amino, halo, nitro, cyano, car- 
boxy, carbamoyl, alkoxy. haioairaxy rr» ^..^ ,„ eaogb , e p, producing a stable liposome, alone, or .n comb.- 

pkn. be*in» a ne. po*e ctag. are ^^^l^l^^^Z^l are "ted rth 
„*, mount ri nwdh. chaw Md is added, thetlnal 

rStS^K^"^^ «*-* """" BNA m "' to ** 

stranded or double stranded. _ nucleotide Polynucleotides can be made by chemical 

R NA. . A _ nK .Ax oMAfpn mRNA ribosomal RNA, tRNA, anti- 

ex^nLors^ 

"TpnLaceutica,^^ 

and which does not render the compound pharmaceutical!^ ""^^"^6 ^ 
ons, chloride, bromide, and iodide. Inorgamc anions ^>"£!« S'JEE* pyruvic acid, oxalic 
anions may be derived from simple ?T%rS^SS^^£.Mo add. benzoic acid, cinnamic 
ac W .rn^acid.r^ 

^Tta^ 

DNA rS»Sa"ministration indudes application to any surface of the body, including ^ 
tration to the surface of any body cavities. 

reters to •* derived f rom an inor9anic ° r ° r9 f c add " baSe - 

ZT^ZT^^- or «g- of a condition and/or a disease in a mammal, means: 

p reSthe condition or disease, that is, causing the regression of clinical symptoms. 
50 a« used herein the term "therapeutically effective amount" refers to that amount of a biologically active substance 

55 rary knowledge and to this disclosure. 
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Sbout24hoursa»about10-Ctoabout10^ described here in can be effected, if desired by any 

Isolation and purification of the compounds and rt™"*** ^^on, crystallization, column chroma- 

3-rN^"-bis(2-tertDutylW^ 

KSr^^ . ... 

Compoundsare,sorep^^ 
re pre3ion. the compounds "'T^f/J^^'SSi of representee cationic head 
, shows representative lipoamido « W> «W -2 * ^ ^ ^ w group 1 . 

30 Sed^ca^^^^ 

SYNTHESIS OF THE COMPOUNDS OF FORMULA I 

_ ^^^.^^^ 

40 starting materials in Reaction Scheme A. 
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Reaction Scheme A 



+ HOOC A NHBOC 



PeptkteCoflilng step 1 

PyBOP/DIEA/DMF 



0 

1 V^A NHBOC 



\ 



DeprctectfngAgert Step 2 

(HO) 



O 



Rl V^A NH,.HO 



Hga a /B,N/THF 



Step 3 
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Reaction Scheme B 



RtNHi 
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Peptide Coupling 
CDI/CH 2 C1 2 



20 



o 

I 

RjHN ' R 
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STARTING MATERIALS 

Fluka Chemical Corporation, K&K Chemicals E astman 2*kOien»M^ x from Ny chek 

Maybridge Chemical Co. Ltd., or Tokyo Kasa. lnterna6 t ona ^ r n c ^ a '" ^Jnte preparedbyoneof ordinary skill 
Pr£lnMEIysi^ 

in art following procedures set fort .r , re erenc* «h* Qf^artx^Corrpounds", Volumes 1-5 and Submentals, 
PREPARATION OF AMINES R 1 R 2 NH 
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PREPARATION OF COMPOUNDS OF FORMULA I 

Wun*n^H0C^^ 

attheother end are either commercially available fr™ 5 ^'**^ 

may be prepared using standard methods knovvr , toe™ of ™^™Z£ZZS«l> amine of formula 
amine is protected and the carboxyl group of the f uftn 9 

R 1 R 2 NH in step 1 under conditions similar to *J|°^^ 0 l".^g arrive remitting free amine is con- 
under appropriate conditions. (acW * e «^^^ and isothiouro- 
densed in step 3 with a thiourea or an l^ 10 "' 0 ™^ procedures described in Org .Syn. 

sequentially if necessary. M ac a \\ noam \H Q tail aroup attached to a cationic 

* The compounds of this invention may be conven,en«y as ^™ re^Se cationic head group 
head group X. Represertative lir^amido ta.l groups a ^ 

tion prepared using the methods described above and in the Examples. 
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Lipoamido tail group 


Cationic head group I 


1 


A,B,C,D,E 


2 


A,B 1 C ) D,E,F,G,H,l,J,M 1 0 J P l Q ) R.SJ.U 


3 


A,B,C,D,E 


4 


A,B,C,D,E 


5 


A,B,D,E 


6 


A,B,D,E 


7 


A,B 


8 


A,B,R 


9 


B 


10 


B 


11 


B,N 


12 


B,M,N 


13 


B 


14 | B 



PREFERRED COMPOUNDS 



butyloxycarbonyl, and Ri and R 2 are CH 3 (CH 2 )7CH=CH(CH2)8-. 
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Thecationic.^^ 

drugs or nucleic acids. In particular, the cation* ^^^^^^SS^Ive substances. Uses contem- 
forLpreparationo^ 

plated for the cationic guanKl.no hp* of th.s invention inciuoe > ras H techniques using con- 

practiced with commercial cationic lipid P^^ 0 " 5 ;^! ^^S^^L used in pharmaceutical formula- 
ventiona. canonic lip*, delivery ^ °°Tv™Z to^l sites - . mamma, to achieve a 

commercial significance. 

PREPARATION OF LIPID COMPLEXES 1 

Generally, a solution ot the canonic Ipd («» one or more °PJ°^^' t| _ fcr preparing a dried lipid 
lipid « «Nch i. than rented to pro*. ra «r«j» of ^^'J^SZi.S^^ertsrt 

practice of the invention. , „^ ma c <mm «ip dried lioid film is to be understood as, for example, 

A suitable aqueous medium for forming >*«™ ta ?*^ J« su Ze buffer is phosphate buffered saline, 
water, an aqueous buffer solution, «a«* u °« shouid be in the 

i.e., 10 mM potassium phosphate having a pH of 7 A in 0-9% NaOl J |n some situat j 0 ns, 

S^LrKtdedaut^ 
ymers, triethanolamine-lauryl sulfate, alkyl-aryl sulfate pc W^*"^ «g jmdej ^steLe. cholic acid. 

^^^^^^^^^^^^ 

50 oniccxjmplexisbeir^prepa^ 

cationic complexes. 
55 PHARMACEUTICAL FORMULATIONS 

The present invention provides pharmaceutical compositions <»^ fe ^ 
one or more biologically active substances. Such pharmaceutical compos.t.ons facilitate intracellular entry og 
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Biol0 gic»„y active s^es included J S^TS^ 
nudefcadds.Asdes«ib^^ 

RNA. ribozymes, mixed duplexes and ^^^2^^ phosphodiester linkages have been modified 
cies in which Ihe naturally occurring bases ^ h n y *^^ Dhoroth to at es. substitution of non-natural bases and 
as wSl as peptide nucleic acids. Such modrf.cat.on PuXons WO 96/1840 and WO 96/1841 
fhe Tito including but not limited to those spec.es disclose* In .^j^^ ifjcant jns Such protei ns include 
F^ueX nudeic acids will code for *^^SSSf^ 9r0Wth ** f^' 

histoco^atibility antigens, cel. ^I^^.'CSS^. 9** ^ '"Tn 

eral arterial disease), recombinant human F ^^ h a °^4 gme nts cell receptors, intracellular enzymes tran- 

iant depending on the therapeutic need. seau ences and will generally have a transcriptional unit 

The nudeic adds may also ^n^T t an^nal terminator, an operator or other control 

» . Lc« ft. "Wanda* ^JS^^SSwW «■*<. 

liposomal membrane. 
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Cationicii^^ 

/„ wad experiments were performed both ,n the *fJ2ii« DOTMA™, as well as more recently d.s- 

l^rSetocommerciaJ cajonic ^^r— , VoUB. 81TMUJ1 
closed cationic lipWs such as C^!"^ 

(1996) Transfection effidencies were determined using m ff jcjency „, fre subjed cationic Ipids in the 
motor As shown in more detail in the Examples ^J^^^dkms. Though not wishing to be 
prince of serum was consistent* h * h * 

to serum proteins. tinted delivery using cationic lipids of this invention include, but 
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TABLE 1 
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Compound 


Linker length 


3T3 


HBE 


IVEC 


1B 


1 


16.6 


1.9 


2.4 


2B 


2 


23.3 


1.5 


7.4 


7B 


3 


4.2 


0.4 


1.4 


9B 


4 


4.3 


0.2 


2.1 



nw^so^n^-v**..— *a^^ 

DOTMA™. 



TABLE 2 
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Compound 


3T3 


HBE 


IVEC 


2B 


16.6 


1.9 


7.4 


2C 


9.0 


1.5 


7.3 


2Q 


47.8 


1.6 


23.2 


20 


50.0 


4.4 


11.2 


2R 


41.1 


2.9 


47.5 



Trans.ectic.p^ 

,,a - ***** can be V* an, accept* ^SSS JSSK 

infant formulations), intravenous, nasal, bror.ch.al ^^-^J^SS^ P"* capsu |es - 
the form of solki. semi-olid or liquid dosage forms such ^Eft^S^^ * *U ^re- 
solutions, suspensions. --'^ 

tion of precise dosages. The compositions will include a c °^ w ^ \ . rfh medicinal agents, pharmaceutical 
active substance, a ^Wgg* ]^^^J^^^ ^ anima,. 
agwils. carriers, adiuvants. etc. Carriers can ™ a water. saTine, 

acetate, sorbitan monolaurate. triethanolamme oleate, etc- fldminiBtered as a pharmaceutical composition com- 
The lipid-polyanion complexes of this invention are 0*"*** minis, eredas a^ceut P ^ ^ 
prising a pharmaceutical excipient in comb,na tion wrth a po proteins . ^ lev el of the 
Eer. rt will be particularly useful to deliver nucleic aads ^^^^^StX^^ * the art - For 
nudeic acW and cationic lipid in a formulation ^^^^?^Sm\^SvM. andthecationic 
WfroadminstratioathenucleicacW can range from ab^uta 
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preferably about 0.2 to 10 mM. 
INTRAVENOUS ADMINISTRATION 

herein by reference. 
AEROSOL ADMINISTRATION 
Aerosoladminis^^ 

of the advantages of this method are: 1) it <f umv °^ < h ° ^ agents 
gasfrointestina. tractor^ 

There are three types of pharmaceutical .nhalaton de*ce* ' the therapeutic agent 

dry powder inhalers (DPI). Nebulizer d^.cesproduce^ & ^^^^^ ertts respiratory tract. MDIs 
( Jhich has been formulated in a liquid form *, spray as a, ^gee « measure 
typically have the formulation packaged wrth a ^jT^o^ L^er^ a set amount of 
amount of therapeutic agent by compressed gas thus aftrtng a ^ ft ^ agent 

DPIs administer therapeut-c agente .n the form of a free flow.n ^ he agerrt is tor- 

atory air-stream during breathing by the dev.ce. In order to ^^ a Tj^j£j st0 ' red in a capsu | e form and is 
mulcted with an excipient. such as lactose. * "J^^J^^ cro " 
35 dispensed to with each actuation. ^^J^S, ?J if ih. above methods can be used 

tract disorders. 
40 SUPPOSITORIES 

45 about 2 wt/wt%. 
LIQUIDS 
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EXAMPLES 

andr 



Ahhreviations: 

BOC - tertbutyloxycarbonyl 
10 CDl - carbonyldiimidazole 

DIEA - di-isopropylethyiamine 
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EXAMPLE 1 - PREPARATION OF COMPOUNDS OF FORMULA I 
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Reaction Scheme C 

GDI o 

UAIHi 



AUAUI4 
RCHjNHj 



CH 2 C1 2 

RC0 2 H ' *~ R" ^NH 2 THF 

NH 4 OH 
Bu 4 NBr 

to 



O LLAIH4 



RCH 2 



2 + RC ° 2H CH^ ^ RO^NH^R THF RCH * 

2 



20 



RCH 2 O 

Py BOP _ * N _1L CH 2 CH 2 NHB oc 

4 + BOCNH(CH 2 ) 2 C0 2 H ^ / 

DMF RCH2 5 



30 RCH 2 



35 



45 



HQ 



O 



N aOH _ V-^-^CHiNH! 
/ 



Dioxane Hz 0 RCH2 



N* 1 JIC1 



* + ^ ^ THF HT z O RCH / H 



r = CHj(Oy ,CH=CH(CH 2 ) 7 

50 
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HjNCHjCH/Wj + 



Reaction Scheme D 

-0^ JrO Diacane 



>nr 



HjNCHjCKjNHBOC 



—I 2 



TNoCDI 



BO Ac 



Tduere 



A + 1 



BOCNHCH 



9 

pHjNH-^^-HNCHjCHaNHBOC 



10. 



11 + i 



THF 



H H 

(RC^JjN^v^N^^ 8 ^NHBOC 

0 N ' — ^NHBOC 

11 



Compound 1 

■ ;r(100...., - A „. . 

sium sulfate), and stripped in vacuo. The crude product (12.88 g) was recrystall.zed 



hours. After stirring v 



^ ~! Z - - - ^ * '19 ^ was recrvstallized from hexane to give 12.35 g of 

rid stripped m 

compound 1 as a white solid. 

i H NMR (CDCI3) 6 0.86 (t, J = 6.6 Hz, 3H), 1 .27-1 .80 (m . 22H). 2.0 (m . 4H). 2.22 (t . J = 8.0. 2H). 5.30 (m . 2H); 



MS m/z 281 (M+). 



16 



EP 0 846 680 A1 



Compound 2 

Toaroom temperature of solu^ono^^^ 
was added dropwise over one minute wa ^ ^2^ then at 50' C for six hours. To 
5 was a slight exotherm. The milky m.xture washed on. ^^ U J .^'^^ 5 ml) fo , lowed by aqueous sodium 

10 liquid. 

i H NMR (CDCI 3 ) 8 0.88 (t , J = 6.6 Hz. 3H). 1 .27-1 .64 (m , 36H). 2.00 (m , 4H). 2.68 (t . J = 7.0 Hz. 2H),. 5.36 (m . 
2H); MS m/z 267 (M+). ' 

is Compound 3 

Toaroomtemperaturesdutionof oleic acid (^f 25 * 100 ^ 
once ir-carbon^diimidazde (17.84g, 110 m^ 

provide a white grease (57.5g). 

i NMR (CDCI 3 ) 80.88 (t,J = 6.5 Hz, 6H), 1.27-1.73 (m . 54H), 2.01 (m , 8H). 2,5 (t. J = 6.0 Hz, 2H). 3.26 (q . J - 
7.0 Hz, 2H), 5.35 (m , 2H); MS m/z 531 (M+). 
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Compound 4 



Toaroomtenperaureo,^ 
was ao^eddropwise over one minute wasynngehmu^ 

stirred under argon at 60° C overnight. Jo the rapKljM *J red Nee cooled y whjte lar 

furnishing 4.2 g of a pale yellow oil and 0.89 g of slightly impure product. 

1 H NMR (CDCy 80.88 (t . J = 2.6 Hz. 6H). 1.25-1.98 (m . 46H), 2.02 (m . 8H). 2.58 (t . J - 2.5 Hz. 4H). 5.34 (m . 
4H);MSm/z 518 (M+). 

Compound 5 

over silica gel (5% to 10% ethyl acetate/hexanes) to g,ve 13.45 g of a colorless ori. 
Compound £ 

(25 mil and aired .1 room wprmu. ".<T^^li^2S%m^ 10* 

arfpoed. and repeated wice mon. The !^r^^f^^^^^Jlm^yt»< 
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The crude oi. (6.6 8 , was flash chromatography over silica fl e. (3% then 10% methonoVmethviene ch.or W e , to yieid 

6 29 g of a very pale yellow oil. 

Compound 7 

Toa65.C solu.cn olcompou^^ 

mmol). and tetrahydofuran (25 ml) was added ™™ ,c ^^^ 
for seven days. The white suspens.cn grad^^ 

through celrte, and the solution wasstnpped. The > crude dense ? J,,,^ Serial (425 mg) was 

to i ^arr P » ******** 

i H NMR (CDCa) 50.88 (t , J = 6.5 Hz. 6H), 1.27-1.78 (m 60K). 2*0 <m 8H). 2.56 (m . 2H). 3.18 (m , 2H), 3.28 
(br t 2H). 3.54 (br t . 2H), 5.34 (m , 4H). 8.29 (br t . 1 H); MS m/z 630(M + ). 

20 Compound 8 

wise over 3 hours di-t-butyW.carbonate (98 g. 26.6 mmd) ir . dK»ane l^VJ ' (200 m|) and 

sium chloride), and stripped giving a colorless oil (4.8g). 

1H NMR (CDCI 3 ) 5 1.44 (s. 9H), 2.83 (t. J= 6 Hz. 2H). 3.17 (q. J = 6 Hz). 
30 Compound 9_ 

ica gel with 30% to 50% ethyl acetate/hexane to give 0.66g solid. 

1H NMR (CDCI3) 5 1.53(8. 9H). 3.59 (t. J = 8.4 Hz. 2H). 4.10 (t. J = 7 Hz. 2H). 
Compound IS 

methanol/methylene chloride) to give an oil (0.37g). 

1 H NMR (CDCI3) 8 1 .45 (s, 9H), 3.34 (t. J = 5.8 Hz, 2H), 3.54 (m, 2H). 
Compound H 

chloride plus 1% cone ammonium hydroxide) to give a dense oil (0.21g). 

H NMR (CDCI3) 8 0.88 (t. J - 6.8 Hz. 6H). 1.2-1.6 (m. 72H). 2.1 (m. 10H), 2.78 (m. 2H). 3.2-3.55 (m. 14H). 3.68 
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(m, 2H), 5.35 (m, 4H); MS m/z 916(M+). 
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p Pre paration r * 1"™""** ot FQriTnll{ * ' 



thiourea o. tsotNouroram sail tor 10. the tfioTir Figures 1 ana 2. Rx e*ample. 



Gene Therapy Hovel Lipid* 
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Compound. 



1A 



1C 



ID 



IB 
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EXAMPLE 2 - PREPARATION OF LIPOSOMES 

,n the foliowing exam^es. cationic liposome vesfe.es containing a 1 :1 moiar ratio of the indicated cationic lip* and 

tide size of novel liposome preparations was 296 nm ± 40. 

EXAMPLE 3 - PREPARATION OF LIPID-NUCLEIC ACID COMPLEXES 

fectTnTl^^^^ 

fection efficiency relate to commercially available lipids routinely used for transection. 
EXAMPLE 4 - DETERMINATION OF TRANSFECTION EFFICIENCIES 

The transection effi^ 

! „n I-*!* J nnTMA™ and GS2888 were also determined both in vitro Fig. 7) and in vitro (Fig. »)• 

SSSSSSSSESSSS: 

HBE14o-human epithelial cells, Am, J, Physiol,. 268, L347-L360 (1995). 



20 



EP 0 846 680 A1 



Ce ,.s were cu«ured in CoStar microti we..s 
ica,. Bedford. MA). Ce., ^T^^Tr^Z 50 0 of Opimem 

the day of t^^ 0 "; ™*' a ^ 
mediawith or without 10% FBS^^^ 
f was added to appropriate wells, to yeWT a final 100 ^ of complete serum containing culture 

Dlex for 5 hours at 37 e C. The media was then aspirated, repiacea wnn iuu ? 
_ =n H tho rrite were then cultured for an additional 48 hours. 

med.a, and the cells we e tnenorui p-galactosidase activity was determined using 

To assess transfection efficiency, cell ^^^f^^™'*"™ St y^s MO) according to the man- 
thefluorogenic substrate. 4-methyl 

The data is presented as fluorescence umts/iag protein and eacn aata poim ^ 
measurements. 

, 5 a. Tranfitection of hi .man endothelial cells (IVEC1; 
" .VECceHs(2x10Vere — ^ 

onic .iposomes in serum-free (R* ^^^^^^^J^JS^ per M pm* in ce.1 
dase activity was measured using the fluorescent substrate ^o, an ' d ^ i| lust rated in Fig. 
lysate. Each data point represents the average , tan JWP P*j J ^J^^pUwWIy available 
3B, several of the novel compounds transfect at an efficiency of 2 to 10 times rjener man 

compound. 

p Trm l^ T ^ h " man b " nr hial ar>8thelial Rells »gHPE) : 

the commercially available compound, 
r Trancf prtinn of muP "» rra f ihroblast cells: 

" 3T3 fibroblasts (2x10<) were transfected with 2 ^ P^'^ £ °^££JjE! 

lysate. Each *» ZnfaSS^ Ihe absence of serum, severa. of the novel com- 

ZZZT«™Z* efficS es of 4 to 1 0 times better than the commercially avaHable compound. 
p n „ , , „ rn ^ ^ r - ^d-n, rrf the novel impound ? O U i nlHino-M NMi^d^nYlprWCna- 

miHft (2B^ in h y™*" endothelial cells: 
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" TheE^Cprc*ectedGS- 2 888w^ 

ionic to neutrahipid was 1 :1. Fig. 7B serves as a ^«^J£2^~ „ ,5a onTfferent cells, 
both Figs. 7A and 7B were prepared from the ^^^^.^^SSSlnO 2 10 0 r 50 ng/ml cationic lipo- 

2x?oWeretrans.ec^ 
somes in serum-containing medium (Fig. 4B) GS-2888 was "J™? m atrtrtiB (MUG) and activity was 

hours post transfer ^.actosidase ^ -^pS *g. 7A illus- 

normalized per ug protein ^^S^Sl^ 7B Srates transfition effteacy in 16-HBE epithelial cells. 

F i n vhn transfer ™ °ff.ripnr:v of novd compounds of this invention 
" Arep^eprocesstorpre^ 
lipWofWrxesertirrventlcnlorrr^ 

^.SuOTSsUooMe^tionw^^^b, ^^^^JSSKS-B shoi to be rwodudU. 

-* " °' 2 - 85 

=ersrjs^^ 

enzyme activity using CAT EUsa •^J^'J^SL. fcids compared » »™A~ Data are e»prees«l 
The-eeultsaresr<™,nl^esMta<^ 

it, and undemanding. It will be oMou. tc »«<*•« Nr. t«rt«* ^"JV^, i8 intended to be illustra- 
te st»ped the appended claims. Therefore, it rs to ^"^f^SZ^, reference to the above 

i^rs-Se^ 

of equivalents to which such claims are enttled an^ion are hereby incorporated by reference in 

individually denoted. 
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Claims 

1 . A compound of Formula I 

R^N-C (O) -A-X Formula I 

wherein: 



55 



r fl nri Ro which may be the same or different, are C 10 -C 26 hydrocarbyl groups; 
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Xis^atrihydro^^ 

ers. or (2) -NH-C^NHR* where.n R 3 and R* are ' ^SiSrtkoi^ rnono- or di-substituted ami- 
protect* hydroxyalkyl. a'^^^Svl S«rc^ CP)NMr (where Re and R 7 are 
noalkyl. N-proterted-aminoalkyl. acyl. * W*onyl. ^J?3d ^getter with the atoms to which 

,0 2 A^mpourKlaccordingtoClaiml.whereinXis-NH^NR^NHr^. 

3. Acompoundaccording^^^^ 

4. A compound according to any one of claims 1 -3. wherein R, and R 2 are identical. 
" 5 . Acompoundaccording^ 

6 A compound according to any one of claims 1-5, wherein A is an alkylene group. 
20 r. A compound according to any one of Cairns 1 * wherein A is a methy.ene or ethylene group, and R 3 and R 4 are 
both H or N-protected-aminoalkyl. 

. .loimc 1 7 wherein R, and R* are N-protected aminoalkyl groups selected 

25 9 . Apo.yanion-.pdcomp.excx^pr^ 

1 0. A polyanion lipid complex of Claim 9, wherein the polyanion is a nucleic acid. 
30 11 a polyanion lipid complex according to claims 9 or 10. further comprising a targeting ligand. 

13. A po.yanion-.ipid complex of Cairn 12. wherein said expression p.asmid encodes for .L-12 or IkB. 
14 A method of making a polyanion-lipid cx>mplex. said method comprising the steps of: 

15. A method of delivering a polyanion into a cell, said method comprising: 

forming a complex according to claim 1 4 and contacting the cell with the complex. 

„ ^pharmaceutical— 

maceutically acceptable excipients. 
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Figure 2 
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